The influence of the excitation intensity on the laser spectra of solutions of 4-methylumbelliferone in HC1/C2H50H has been investigated. There are three distinct laser emissions at 4100 Ä, 4900 Ä and 5300 Ä, respectively, the third of which only occurs within a HCl-concentration range of 10 -2 m/1 <C CHCl < 2.5 m/1. This emission is quenched if the laser threshold for the emission of the neutral form of 4-methylumbelliferone at 4100 Ä is exceeded.
Introduction
Changes in the electronic state of a molecule give rise to changes in many of its physical and chemical properties: e. g. excitation of aromatic molecules from the singlet ground state S0 to the first excited singlet state Si leads to an increase in the strength of the basic and acidic groups 1 . This should also apply to the hydroxyl groups as well as to the carbonyl and ringoxygen atoms of 4-methylumbelliferone (4-MU).
Recent publications have shown that solutions of 4-MU are laser-active 3 . An investigation of laserpumped acidified ethanolic solutions has indicated that three fluorescent laser-active molecular species are coexisting in the same solution of the dye.
These authors 3 have demonstrated that in acidic solutions the excited neutral form N* of the dye undergoes a fast chemical reaction to form two cations A* and B* of the type [N*H] + (proton exciplexes). These excited molecules deactivate by spontaneous or induced emission, or radiationless processes, to unstable ground state cations which rapidly dissociate to give a neutral molecule N and a proton. The latter can be seen from the fact that the absorption spectra are independent of the acid concentration of the dye solution. By carefully adjusting the pH-value of the solution, three distinct laser emissions can be obtained from the same solution which originate from N*, A* and B*. These emissions occur at different wavelengths and are separated from each other by some hundred Angström units (see Figure 1) . This paper deals with the dependence of the intensities of the above mentioned laser emissions on the HCl concentration and the excitation intensity. It has been found that the long-wavelength laser emission of the B* proton exclipex is suppressed: 1) if the B* formation rate is too small due to insufficient proton concentration, 2) if a quenching process originating from the presence of Cl~-ions becomes relevant in strongly acidified solutions, 3) if the threshold of the neutral 4-MU laser is exceeded, using high excitation intensities. The population density of B* falls below the laserthreshold value and B* laser-emission is not obtainable in all three cases.
Experimental
The dye solutions were pumped using a transversal arrangement. The second harmonic generated output of a (^-switched ruby laser was focussed with a cylin- -The emission spectra were obtained with an excitation wavelength of 3472 A. The hight of the first peak of the emission spectrum has always been set equal to the absorption peak.
drical lense (/ = 13 cm) into a 1 cm square quartz cell containing the acidified 4-MU solutions. The maximum output of the ruby laser was 300 MW at 6943 Ä, the full half-width of the laser pulses being 15 ns. The dye laser resonator consisted of nothing other than the dye cell in order to obtain identical resonator conditions for all three dye laser emissions.
The dye laser output was recorded with a grating monochromator (Perkin-Elmer, model El) which was equipped with a Polaroid camera. The film was a Polaroid, type 410.
The ruby laser flashlamp high voltage (in kV) was used as a reference for the excitation intensity. This appeared to be directly proportional to the 6943 A ruby laser output.
Results
The experimental results are shown in Figs. 2 and 3 . The laser emission of neutral 4-MU and of proton exciplex states can be seen at 4100 Ä (N*), 4900 Ä (A*) and 5300 Ä (B*). The laser emission of the B* exciplex state was obtained for solutions with a HC1-concentration ranging between 0.01 m/1 <C CHCI < 2.5 m/1 only (see Figure 2 ). The dependence of the laser spectrum of such a solution (CHCI = 0.1 m/1) on the excitation intensity is shown in Figure 3 . The threshold for B* laser emission and A* laser emission is readied for U = 6.69 kV and U = 6.71 kV respectively. Both emissions are enhanced by enlarging the excitation intensity. If the threshold value of the neutral 4-MU laser is exceeded at 17 = 6.9 kV, the B* laser emission decreases sharply and disappears at U = 7 kV. On the other hand, the intensities of both the N*-and A*-lasers increase by increasing the excitation intensity to the highest pumping intensity obtainable at U = 7.15 kV. 
Discussion
Protonation seems to be probable on the two basic groups of the neutral form of 4-MU, i. e. the carbonylgroup or the ring-oxygen:
Structure II is most likely the lower energy form owing to the number of contributing mesomeric states.
As to the population of the proton exciplex states A* and B*. two different formation mechanisms seem possible : -A* 1) A parallel reaction N* v_" corresponding to a direct protonation either on the ring-oxygen atom or on the carbonyl group. 2) A stepwise population N* A* -B* corresponding to a protonation followed by a further reaction step which leads to the energetically favourable species B*. This step may be a tautomerisation or a dissociation.
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Earlier investigations 3 indicated that the formation rate of the B* proton exciplex is probably slower than that of the A* proton exciplex. This fact would explain the sensitivity of B* laser emission to various processes which compete with the population of the B* state.
On the basis of the experimental facts any one of these processes which have been enumerated below can cause a decrease in the B* population density below the laser threshold value: 1) The formation of A* exciplexes quenching the B* laser emission at low HCl-concentration. 2) A quenching process due to Cl~-ions in strongly acidified solutions leading to radiationless deacti 1) to identify the structure of the proton exciplex states, 2) to explain the mechanism of the photochemical protonation processes, 3) to explain the mechanism of quenching the B* laser emission if the laser threshold of the neutral 4-MU is exceeded. We are investigating oxygen-alcylated 4-MU derivates in this context and compare the results of measurements of the 4-MU N*-, A*-, B*-laser intensities, as a function of the excitation intensity, with theoretical dependencies obtainable from the numerical solution of the laser rate-equations associated with different proton exciplex formation mechanisms.
